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SUMMARY The relation of cardiac dyspnoea to diastolic left ventricular dysfunction was examined
in a sample of67 year old men from the general population ofGothenburg, Sweden. Forty two men
with cardiac dyspnoea and 45 controls were selected from the screened cohort of644 men.Mmode
echocardiography, apexcardiography, and phonocardiography were used to evaluate heart sounds,
diastolic time intervals, aortic root motion (atrial emptying index); peak rate of change in left
ventricular dimension, left atrial and ventricular size; and left ventricular mass. There was a

significant relation between dyspnoea grade and left ventricular mass and posterior wall thickness.
Dyspnoea grade also correlated significantly with the amplitude of the rapid filling wave and the
third heart sound, atrial emptying index and left atrial size, the pulmonary component of the
second heart sound, and the dimension of the right ventricle. In mild to moderate dyspnoea
fractional shortening was normal, but posterior wall thickness and left atrial dimension were
increased. The time from the second heart sound to the0 point ofthe apexcardiogram, adjusted for
heart rate, was significantly prolonged in mild to moderate dyspnoea, but not in severe dyspnoea.
There was a significart decrease of rate adjusted isovolumic relaxation time, probably secondary to
altered loading conditions, in severe dyspnoea, but not in mild to moderate dyspnoea. When the
effect of systolic function was excluded multivariate analyses showed that the relation between
dyspnoea grade and left atrial dimension persisted.
The finding that diastolic abnormalities of the heart contributed to the generation of cardiac

dyspnoea may have implications for treatment.

The introduction of non-invasive methods has made
detailed studies of cardiac function possible not only
in the clinical situation but also in the general
population."2 Because early detection and treatment
of cardiac dysfunction may be the best way to reduce
the high mortality from congestive heart failure,'
practicable methods of early detection would be
valuable.

In recent years there has been an increase in
the interest in, and understanding of, diastolic left
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ventricular function as an important part of
cardiac performance.4 Diastolic abnormalities of
cardiac function often occur early in disease
processes such as hypertension2 and coronary heart
disease.56 Furthermore, it has been shown that
impaired diastolic function is frequent in non-dilated
coronary diseased hearts7 and may cause congestive
heart failure despite normal systolic function.89
The prevalence of diastolic abnormalities has been

measured in patients with primary hypertension,
coronary heart disease, and overt congestive heart
disease, but not in the general population. We have
already studied dyspnoea ofpresumed cardiac origin
in a random sample of 67 year old men and the
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relation of this symptom to regional'0 and systolic"
left ventricular function. In the present study we
investigated whether there was any association
between dyspnoea of presumed cardiac origin and
impaired diastolic function in the same group ofmen.

Patients and methods

SCREENED POPULATION
The screened population'2 and the study
population'0" have been described in detail else-
where. Please see our earlier paper." Dyspnoea was
measured according to the World Health Organ-
isation's modification of the questionnaire proposed
by the British Medical Research Council's Commit-
tee on the Aetiology of Chronic Bronchitis.'3 Infor-
mation on sustained myocardial infarction was
obtained from the Myocardial Infarction Register
covering the city of Gothenburg. Information on
cardiac disease, chronic bronchitis, and smoking
habits was obtained by questionnaire.'2

STUDY POPULATION
Based on the dyspnoea questionnaire, the medical
history, and a physical examination, 49 men were
considered to have dyspnoea and a possible underly-
ing cardiac disease but no signs or symptoms of
obstructive pulmonary disease. Seven of these men
were excluded from the study." A control group of51
men without dyspnoea was selected and 45 were
eventually included in the study. Full details ofthese
men are given in our earlier paper.", The control
group was divided into two subgroups. Those in
group A (n = 14) had no hypertension treatment, no
atrial fibrillation, no angina pectoris, no myocardial
infarction, and no other known cardiac disease or
akinetic segments on cross sectional echocardio-
graphy. Group B was made up of the remaining men
(n = 31). Six men in the control group B were on
f blockers (none in group A), while no man in any of
the control groups was on digitalis or diuretics.

METHODS
The investigations and coding of results are des-
cribed in our earlier paper." Electrocardiograms
were classified according to the Minnesota Code.'3

Non-invasive heart measurements
Detailed descriptions of our methods and recording
techniques are given elsewhere.'214 and we followed
the protocol of our earlier study.-"
M mode echocardiographic left ventricular

diameter, interventricular septal thickness, and pos-
terior wall thickness were all measured at the P and at
the Q waves of the electrocardiogram (lead II), and
when the distance between the septum and posterior

wall (at or before the initial vibrations of the second
heart sound) was shortest. Unless specified, left
ventricular dimension as well as septal and posterior
wall thickness refer to the value at the Q wave. The
right ventricular dimension was measured at the
electrocardiographic Q wave.
We calculated the peak rate of change of left

ventricular dimension before atrial contraction and
the peak rate of posterior wall thinning during the
same period. The time from minimum left ven-
tricular dimension to peak left ventricular filling and
the time from the most anterior excursion of the
posterior left ventricular wall to posterior wall peak
thinning were measured. Measurements were per-
formed with a digitising table (Summagraphics ID-
2CTR-TAB17, Connecticut, USA) a microcom-
puter (Professional-380, Digital Equipment), and a
specially designed computer program.
The left ventricular mass was calculated by the

cube formula, assuming a left ventricular muscle
shell with the thickness of the mean of the septum
and posterior wall. The Teichholtz formula,'5 was
applied in a similar manner. Left ventricular mass (g)
was estimated by subtracting the volume ofthe cavity
from that ofthe total left ventricle and multiplying by
1-05, which is the specific gravity of heart muscle.
The left ventricular mass was adjusted for body
surface area. To validate the methods we compared
the mass measurements at the P wave, Q wave, and
end systole. Both formulas gave good correlations (r
= 0-98 to r = 0-94), but because the mean values by
the cube formula were less variable we used this
formula for the present report. Fractional shortening
was calculated as left ventricular (end diastolic - end
systolic)/end diastolic dimensions.
The left atrium was measured at aortic valve

closure or at the initial vibrations of the aortic
component of the second heart sound. The
mesurements were adjusted for body surface area.
The atrial emptying index816 was calculated from

the posterior aortic wall motion as an estimate of
early left ventricular filling properties (fig 1). The
point at which the aortic root had reached its most
anterior position was taken as being equivalent to
mitral valve opening. We measured the distance from
this point to that at which atrial contraction had its
initial effects on the aortic wall. The first third of this
distance was marked. The atrial emptying index
represents the relation between the aortic wall
motion during this first third of the distance and the
aortic wall motion during the full distance measured.
In the case of atrial fibrillation, the initial QRS
activity was used to mark the end ofthe passive filling
period.
The isovolumic relaxation time (A2 - Mo) was

calculated as the distance from the initial vibrations
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Fig 1 The atrial emptying index represents the ratio (X/OA) between aortic root motion duringfirst third (O-R) of the
passive left ventricular filling period and that of the whole period (O-A). The normal situation is shown in the left part of the
figure. The right part of thefigure shows a decreased X/OA.

ofthe aortic component (A2) ofthe phonocardiogram
recorded on the Mmode tracing ofthe mitral valve to
the mitral valve opening.
We used the mean value for five beats measured on

the apexcardiograms. From simultaneous recordings
of the apexcardiogram, phonocardiogram, and elec-
trocardiographic lead II we measured the rapid
filling wave and adjusted for the total amplitude of
the apexcardiogram (RFW/H)."7 The A2-0 interval
was measured as the time between the aortic com-
ponent of the second heart sound and the 0 point of
the apexcardiogram. The pulmonary component
(P2) was calculated as the percentage of the aortic
component (A2) of the second heart sound (P2/
A2%). The third and fourth heart sound amplitudes
were measured and were expressed as percentages of
the amplitude of the first heart sound (3rd% and
4th%).

Early diastolic filling period, or the distance bet-
ween mitral valve opening and the 0 point of the
apexcardiogram (Mo-O), was measured by subtract-
ing A2-Mo from the A2-0 interval. Because the A2-
Mo and A2-0 intervals were related to heart rate, we
used the regression equations ofA2-Mo andA2-0 on
heart rate in control group A to adjust for heart rate.

The heart rate adjusted intervals were called A2-
Mo% and A2-0%.

STATISTICAL METHODS
Possible relations were tested with Pitman's non-
parametric permutation test, which, when applied
for two groups is the same as Fisher's exact test.
Pearson's correlation coefficients were calculated for
some of the analyses.
We used multiple linear regression technique for

multivariate analysis. P values < 005 were regarded
as statistically significant.

Results

Echocardiographic or phonocardiographic findings
did not indicate haemodynamically important valve
lesions in any of the men. In two of the men with
dyspnoea grade 2 we found left ventricular
aneurysms on cross sectional echocardiography.
They were not excluded because left ventricular
dimension and thickness (the only variables that
could have been misinterpreted due to the
aneurysms) were normal.
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Table 1 Heart rate, blood pressure, echocardiographic left ventricular dimensions and mass (mean (SE))

Control groups Dyspnoeic groups

Relation
(A) (B) to dyspnoea

Dyspnoea grade 0 0 1-3 4 grade (0-4)
Cardiac disease - + + + (n = 87)

(n = 14) (n = 31) (n = 37) (n = 5) pfor trend

Heart rate (beats/min) 55(2) 58(2) 58(2) 83(6) 0-012
Systolic BP (mm Hg) 147(4) 154(4) 152(4) 145(5) 0-243
Diastolic BP (mm Hg) 83(3) 88(2) 85(2) 91(6) 0 600
Mean arterial BP (mm Hg) 104(3) 110(2) 108(2) 109(4) 0-348
LV dimension (mm) 48-8(1-1) 51-4(1-2) 54-9(1-5) 54-4(2 6) 0-078
Septal thickness (mm) 10-6(0-6) 11-3(0-5) 11-5(0-5) 12-4(1-7) 0-129
Posterior wall thickness (mm) 8 9(0 6) 9 3(0-3) 10-6(0-4) 12-0(0-9) 0-002
LV mass (g) 166(12) 205(12) 243(19) 295(40) 0-012
Relative LV mass (g/m2 BSA) 87(7) 105(5) 125(9) 147(20) 0-017

BP, blood pressure; BSA, body surface area; LV, left ventricular.

DYSPNOEA VERSUS BLOOD PRESSURE AND LEFT
VENTRICULAR MASS
The degree of dyspnoea correlated significantly with
left ventricular mass and mass index (table 1).
Dyspnoea grade showed a significant relation with
posterior wall thickness but not with septal thickness
or left ventricular diastolic dimension. Dyspnoea
grade was not related to the blood pressure level
measured after 45 minutes of supine rest.

DYSPNOEA VERSUS DIASTOLIC TIME INTERVALS
The isovolumic relaxation time adjusted for heart
rate (A2-Mo%) tended to be longer (not significan-
tly) in control group B and in the men with mild to
moderate dyspnoea than in control group A (table 2).
But men with severe dyspnoea had significantly
lower A2-Mo00 than men with mild to moderate
dyspnoea (p = 002). A2-0% was significantly

Table 2 Diastolic time intervals (mean (SE))

Controlgroups Dyspnoeic groups

(A) (B)
Dyspnoea grade 0 0 1-3 4
Cardiac disease - + + +

(n = 14) (n= 31) (n = 37) (n 5)

Heart rate mitral
echocardiogram
(beats/min) 63(3) 63(3) 60(2) 79(5)

A2-Mo (ms) 69(7) 78(4) 79(5) 45(8)
A2-Mo'',, 100(10) 113(6) 111(7) 69(11)
Heart rate apex-

cardiogram
(beats/min) 57(3) 60(3) 60(2) 77(5)

A2-O (ms) 153(6) 159(4) 167(4) 133(8)
A2-0",,, 100(3) 105(2) 112(2) 104(3)
Mo-O (ms) 89(5) 85(3) 88(6) 93(4)

A2-Mo, time from aortic component ofsecond heart sound to mitral
opening; A2-Mo%,,, A2-Mo as percentage of expected value; A2-O,
time from A2 to apexcardiographic 0-point; A2-O',, A2-O as
percentage ofexpected value; Mo-O, time from mitral opening to the
0-point.

(p = 0-01) prolonged in men with lower grade
dyspnoea than in the control group A. In men with
severe dyspnoea the A2-0% was again shorter,
although not significantly so.

DYSPNOEA COMPARED WITH INDICES OF LEFT
VENTRICULAR EARLY FILLING, HEART SOUNDS,
ATRIAL SIZE, AND INDICES OF PULMONARY
ARTERY PRESSURE
There was a significant relation between dyspnoea
and atrial emptying index, rapid filling wave
(RFW/H), and the third heart sound (3rd%) (table 3).
Dyspnoea was also significantly related to the fourth
heart sound (4th%), left atrial diameter, left atrial
index (left atrial dimension adjusted for body surface
area), pulmonary component of the second heart
sound, and the diameter of the right ventricle.
Dyspnoea grade correlated with the absolute

amplitudes of the first heart sound (r = - 025,
p = 004) and with the third heart sound (r = 039,
p = 0003), but not with the absolute amplitude of
the fourth heart sound (r = 008, NS). The
amplitude of the third heart sound was related to the
rapid filling wave (RFW/H), both with (3rd00),
(r = 060, p < 00001) and without (r = 056,
p < 00001) adjustment for the amplitude of the first
heart sound. The absolute amplitude of the third
heart sound was not related to the amplitude of the
first heart sound, whereas the absolute fourth heart
sound amplitude was (r = 0-28, p = 003).

LEFT VENTRICULAR WALL THICKNESS AND MASS
COMPARED WITH BLOOD PRESSURE, CLINICAL
HISTORY, AND INDICES OF DIASTOLIC LEFT

VENTRICULAR FUNCTION
Left ventricular mass index (but not posterior wall
thickness) was significantly related with systolic
(r = 0 41, p = 0 002), diastolic (r = 036, p = 0-005),
and mean (r = 0-44, p = 00004) arterial blood pres-
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Table 3 Indices of left ventricular distensibility and pulmonary artery pressure (mean (SE))

Control groups Dyspnoeic groups
Relation

(A) (B) to dyspnoea
Dyspnoae grade 0 0 1-3 4 grade (0-4)
Cardiac disease - + + + (n = 87)

(n = 14) (n = 31) (n = 37) (n = 5) pfor trend

Left ventricular:
Peak dD/dt (cm/s) 9-4(0-7) 9-5(0 5) 9-6(0 5) 8-1(0-7) 0 154
Time to peak dD/dt (ms) 185(11) 162(10) 167(10) 136(13) 0-493

Posterior wall:
Peak-dD/dt (cm/s) 6 8(0 5) 6-3(0 5) 7-8(0 4) 6-4(0 8) 0 909
Time to peak dD/dt (ms) 183(12) 151(14) 149(8) 134(14) 0 404

Atrial emptying index 0 88(0 04) 0-85(0 04) 0-79(0-04) 0-54(0-15) 0-025
RFW/H(%) 75(0 7) 8 1(0 9) 6 1(0 7) 15 1(4 3) 0-036
3rd% 1(1) 1(0) 4(1) 39(25) 0-008
4th% 12(3) 10(1) 15(3) 47(31) 0-010
Left atrial dimension (mm) 39 8(1 7) 43-3(1 1) 45-9(1 0) 52 4(2 9) 0-001
Relative left atrial dimension
(mm/M2 BSA) 21 3(1 0) 22-3(0 6) 23 3(0 5) 26 4(1 3) 0-024

P2/A2 (%) 10(7) 28(8) 32(8) 97(62) 0-032
Right ventricular dimension (mm) 21.6(2.8) 20 3(1 4) 204(1 5) 32-3(3 1) 0-022

BSA, body surface area; dD/dt, rate of change of dimension (during left ventricular filling period); P2/A2, pulmonary component as
percentage of aortic component of second heart sound; RWF/H, amplitude of rapid filling wave as percentage of total height of
apexcardiogram; 3rd%, third heart sound amplitude as percentage of first sound amplitude; 4th%, fourth heart sound amplitude as
percentage of first sound amplitude.

sure and with a history of treated hypertension
(r = 0O39, p = 0 003).

Left ventricular posterior wall thickness (r = 0-34,
p = 0-005) and left ventricular mass index (r = 0-38,
p = 0007) were related to a clinical history of
myocardial infarction. Posterior wall thickness was

also related to a history of angina pectoris (r = 0-31,
p<0 01), whereas mass index was not (r = 0-17,
p = 0 205).
The left atrial dimension correlated with posterior

wall thickness (r = 0-44, p = 0-0002) and even bet-
ter with left ventricular mass index (r = 0-57,
p = 0 0001) as did the left atrial index (r = 0-48,
p = 0-0002). Also the pulmonary component (P2/
A2%) (r = 0-32, p = 0 027) correlated positively
with left ventricular mass index, while there was an

inverse correlation between the latter and atrial

emptying index (r = - 036, p = 0-013). Neither
diastolic time intervals, nor the third or fourth heart
sounds, correlated significantly with mass.

MULTIVARIATE ANALYSES OF THE RELATION
BETWEEN DYSPNOEA AND FUNCTIONAL
VARIABLES
Associations between non-invasive measurements
and clinical variables with dyspnoea were evaluated
by multivariate analyses.

Thlt first step was to examine the relation between
dyspnoea grade and a history of angina pectoris,
myocardial infarction, tobacco consumption, treat-
ment for hypertension, blood pressure, heart size and
pulmonary congestion at x ray examination, atrial
fibrillation and Q waves in the electrocardiogram,
and vital capacity. Angina pectoris, pulmonary con-

Table 4 The resultsfrom univariate and multivariate analysis of the contribution to the explanation of dyspnoea grade
variance

Univariate analysis Multivariate analysis

Additional Cumulative
Proportion proportion proportion
of explained of explained of explained

r p variance variance p variance

Angina pectoris 0 51 <0-0001 0-26 0-30* 0-0001 0-30
Pulmonary congestion 0-46 0-0003 0 21 0-15 0 0001 0-45
Electrocardiographic Q
waves 0-39 0-0012 0-15 0-06 0-0017 0 51

Left atrium (mm) 0-36 0-0010 0-13 0-04 0-0141 0-55
Atrial emptying index -0-26 0-0252 0-07 0-02 0-0638 0-57

*The discrepancy to univariate analysis is the result of two missing values in the multivariate analysis.
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Fig 2 Mean dyspnoea grade in groups ofmen according to
left atrial size (quintiles) and clinical involvement. The
latter was indicated by the presence of Q waves in the
electrocardiogram, pulmonary congestion on x ray, and a
history of angina pectoris (one pointfor each). The points
were summed up in a clinical score shown along the left
horizontal axis.

gestion, and Q waves accounted for 47% of the
variation in grade of dyspnoea. They were the only
factors that contributed to the explanation when the
other variables were accounted for.

In a second step the contributions ofposterior wall
thickness, left ventricular mass, and the variables of
diastolic function were examined. These variables
accounted for 16% of the variation in the grade of
dyspnoea. Left atrial size and atrial emptying index
were the only independent significant variables.

In the third and last step the three independent
significant factors from step 1 and the two from step 2
were introduced into a multivariate analysis. The left
half of table 4 shows the results of the univariate
analysis. The variables are listed in order of
univariate correlation with dyspnoea grade. The
right half of table 4 shows the contribution of each
variable and the cumulative explanation of dyspnoea
grade variance. In order of significance the factors

contributing to variance were angina, pulmonary
congestion, Q waves, left atrium, and the atrial
emptying index. The atrial emptying index did not
remain significant when the other variables were
taken into account. The five variables could explain
57% of the variation of dyspnoea grade.

In figure 2 the presence of angina, pulmonary
congestion, and Q waves in the electrocardiogram
scored one point each. Figure 2 shows the mean
dyspnoea grade in groups of men according to their
clinical score and atrial diameter.

EARLY DEVIATIONS FROM NORMAL
To evaluate whether any diastolic variable is
associated with early heart failure, we tested the
differences in mean values between mild to moderate
dyspnoea (grade 1-3 group) and the control group A.
As already stated, the A2-0% was prolonged
(p <0-02), indicating a prolonged relaxation/early
filling period in mild to moderate dyspnoea. Also the
posterior wall thickness was significantly increased
(p < 0.03) as was the sum of septal and posterior wall
thicknesses (p< 002), while septal thickness alone
was not significantly increased. The left atrial dimen-
sion was increased (p < 0 003). On the other hand,
indices of severe heart failure, such as an increased
pulmonary component, the third heart sound, rapid
filling wave, and right ventricular dimension, were
not significantly different in men with dyspnoea
grade 1-3 and the group A controls.

A COMPARISON OF DIASTOLIC AND SYSTOLIC
FUNCTION
Since systolic dysfunction may explain signs of
increased filling pressures, the relation between the
grade of dyspnoea and left atrial dimension was
evaluated by multiple regression analyses, taking the
effect of fractional shortening and end systolic
dimension into account. Significant contributions to
the explanation ofdyspnoea grade were still obtained
from left atrial dimension when considering: (a) left
atrial dimension (p = 0-01) and fractional shorten-
ing (p = 0 002); (b) left atrial dimension (p = 0-02)
and end systolic dimension (p = 0 02); (c) left atrial
dimension (p = 0-01), fractional shortening
(p < 0 04), and end systolic dimension (p = NS).

Discussion

In the present study cardiac dyspnoea was related to
left ventricular hypertrophy and to diastolic
abnormalities, some of which were primary and
others which may have been secondary to systolic
dysfunction. Diastolic and systolic function of the
heart are closely related, both on the atrial'8 and the
ventricular'9 levels. Diastolic abnormalities may
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cause congestive heart failure in the absence of
systolic dysfunction.8 9 Nevertheless, diastolic and
systolic function are often abnormal simultan-
eously,'9 and both may increase filling pressures. It
was therefore necessary to take the degree of systolic
impairment into account when determining the
importance of diastolic abnormalities to the degree of
cardiac dyspnoea.

LEFT VENTRICULAR HYPERTROPHY
In the Framingham study the prevalence of echocar-
diographic left ventricular hypertrophy was 23-7%
among men who were about 70 years old.20 In the
present study an increase in left ventricular wall
thickness was responsible for the increase in left
ventricular mass in men with dyspnoea. An increased
left ventricular dimension also contributed to the
increasing left ventricular mass, but left ventricular
dimension per se was not significantly related to
dyspnoea grade. Left ventricular mass was sig-
nificantly correlated with blood pressure, indicating
that hypertension contributed to congestive heart
failure in the present study group, as it did in the
Framingham study.2' In coronary heart disease there
is left ventricular hypertrophy caused by an increase
in the thickness ofnon-infarcted areas to compensate
for myocardial loss elsewhere.22 It has been suggested
that increased left ventricular wall thickness in
coronary or hypertensive heart disease causes filling
problems,2' and that diastolic function abnormalities
are related to wall thickness.24 Nevertheless, in ath-
letes with a corresponding degree of hypertrophy
diastolic variables were normal.24 It has therefore
been suggested that abnormalities of diastolic func-
tion, as seen in pathological hypertrophy, are partly
the result of factors other than the cardiac hypertro-
phic process as such.25 Age is such a factor. Age
influences the diastolic properties of the heart,26-28
and may have a role in the development ofsymptoms
of heart failure in the elderly.29 This factor cannot
have influenced our results because all the men we
studied were the same age.

LEFT VENTRICULAR RELAXATION AND EARLY

FILLING PROPERTIES
In addition to signs of left ventricular hypertrophy,
men with mild to moderate dyspnoea had an
increased A2-0%, which accords with previous
results indicating that prolongation of the A2-0
interval is an early indication of myocardial dysfunc-
tion.' 2 A prolonged A2-0 interval or isovolumic
relaxation period may be caused by left ventricular
hypertrophy or incoordinate left ventricular relaxa-
tion secondary to coronary artery disease, although
the duration of diastolic time intervals is not always a
valid reflection of left ventricular relaxation when
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there is pressure or volume overload."' Left ven-
tricular relaxation probably extends beyond the
isovolumic phase and contributes to left ventricular
filling,30 and its duration may therefore be approx-
imated by the A2-0 interval, which may be regarded
as a measure of the time required for left ventricular
pressure to reach its nadir." We expected that, after
adjustment for heart rate, the A2-Mo and A2-0
intervals would increase with increasing degree of
dyspnoea because of impaired left ventricular relaxa-
tion. However, in the group with severe dyspnoea an
increased atrial pressure was likely to have caused
early opening of the mitral leaflets" and a short left
ventricular filling time.'2 If so, a further decrease in
A2-Mo% and A2-0 0% would be expected in the most
dyspnoeic group. This turned out to be the case.
Dyspnoea grade was related to the relative

amplitude of the third heart sound (3rd%) and to the
rapid filling wave which were grossly abnormal in
severe heart failure. The third heart sound is an early
diastolic event of obscure pathogenesis," which,
when heard as a gallop sound in myocardial infarc-
tion, is related to raised pulmonary artery pressure
and associated with a poor prognosis.'4 In the present
study, and others,26 a relation was found between the
third sound and the rapid filling wave amplitudes.
We used the same equipment to record the third
sound in all men. The influence of age26 27 as a
confounding factor could be disregarded, but not
inherent differences in thoracic auditory transmis-
sion. Therefore, the first heart sound was used as a
reference. The first heart sound could be influenced
by contractile performance of the left ventricle-that
is the systolic performance. This hypothesis was
supported by a significant inverse correlation bet-
ween the first heart sound and the dyspnoea grade.
The amplitude of the third heart sound was not only
correlated with the dyspnoea grade but also did not
correlate significantly with the first heart sound.
Moreover, an increase of the third heart sound is not
likely to have been caused by good thoracic transmis-
sion, since the men with the most severe dyspnoea
had a larger body mass index than the control group.
These findings indicate that the relation between
dyspnoea grade and the third heart sound was not
caused by bias.
Among men with severe dyspnoea (grade 4)

there was a reduced atrial emptying index, and a
tendency (trend not significant) towards a lower left
ventricular filling rate as well as to a slower rate of
posterior wall thinning.

In the absence of mitral stenosis a reduced atrial
emptying index (indicative of a reduced rate of early
diastolic filling) is an expression of impaired left
ventricular filling.8' 16 Although the aortic root motion
may be influenced by several factors, it seems to be
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governed mainly by the rate of change in left atrial
volume.'6 Rapid early diastolic wall thinning is likely
to be a manifestation of relaxation and is a major
determinant of left ventricular filling.35 A reduced
diastolic filling rate has been reported in homogen-
eous groups of patients with coronary'6 36 and hyper-
tensive" 2 heart disease, but other studies, like ours,
reported no significant difference between controls
and patients with left ventricular disease,37 angina
pectoris,38 or coronary disease with no systolic dys-
function.39 Atrial pressure may influence the atrial
emptying index, as well as the peak change in left
ventricular dimension and wall thinning,"' which
are also indices directly associated with myocardial
contractility.'9

LEFT VENTRICULAR DISTENSIBILITY AND
ATRIAL AND PULMONARY ARTERY PRESSURES
Left ventricular distensibility, often used interchan-
geably with the term compliance, is the change in
volume relative to a change in pressure,'2 a relation
that we could not measure non-invasively. Indirect
non-invasive tests of distensibility are based on the
relative power of the left atrium needed to force the
blood into the left ventricle.4'7 However, with severe
left ventricular failure, not only atrial failure, but also
the raised filling pressure may cause a "paradoxical"
decrease of echocardiographic (Caidahl et al,
unpublished), Doppler,43 and apexcardiographic"
signs of the previously increased atrial contribution
to left ventricular filling. This phenomenon com-
plicates the non-invasive study of left ventricular
distensibility in heart failure. In this study dyspnoea
grade was related to an increased fourth heart sound
relative to the first heart sound. We did not feel
confident in drawing any conclusions from this
fourth/first heart sound ratio, however, because the
amplitude of the fourth heart sound in itself did not
correlate with dyspnoea grade.
The left atrial dimension may also be regarded as

an indirect index of distensibility of the left ventri-
cle,45 and it doe-s not have the drawbacks mentioned
above. When left ventricular distensibility is
impaired the atrial contribution to left ventricular
filling is augmented" and the atrium becomes enlar-
ged. A vigorous atrial contraction may enable the left
ventricle to be filled despite an increased end diastolic
pressure, and this permits pulmonary capillary pres-
sure to remain at a low level.47 Finally, with atrial
failure, the pulmonary capillary pressure will
increase and dyspnoea will ensue or be aggravated.

Systolic dysfunction can also raise filling pressure.
The relative influence of diastolic and systolic dys-
function on atrial distension must therefore be con-
sidered. In multivariate analyses. the left atrial
dimension contributed significantly to the explana-

tion ofcardiac dyspnoea even when the importance of
fractional shortening and end systolic dimension
were taken into account. This indicates that the left
atrial distension may be caused by a raised filling
pressure secondary to-diastolic dysfuzAton.
The grade of dyspnoea was related t'o the atrial

dimension, and the latter was also correlated with left
ventricular wall thickness. There was a significant
increase of left atrial size in mild to moderate grade
dyspnoea and the dyspnoea grade increased with left
atrial size. However, atrial enlargement was accom-
panied by an increase in the pulmonary component
calculated as a percentage of the aortic component of
the second heart sound and an enlarged right ven-
tricular dimension only in the most severe dyspnoea
grade reflecting a raised pulmonary artery pressure in
this group.

CLINICAL IMPLICATIONS
Diastolic left ventricular abnormalities were more
common the more advanced the degree of dyspnoea
in the present study, supporting the concept that left
ventricular diastolic function is important in the
generation of dyspnoea in congestive heart failure.
Concomitant systolic dysfunction may be the
primary event in many cases, causing raised filling
pressures. Nevertheless, multivariate analyses
showed that diastolic impairment causing an enlar-
ged left atrium made a significant independent con-
tribution to cardiac dyspnoea when the contribution
from systolic function was taken into account.
Increased left atrial dimension, myocardial hypertro-
phy, and prolonged A2-0% in mild to moderate
dyspnoea also support this concept, since we have
already found" that dyspnoea grade 1-3 was
associated with normal fractional shortening. As a
consequence, not only in individuals with hypertro-
phic cardiomyopathy,4 but also in patients with
heart .failure, therapeutic measures6 49 aimed at
improving diastolic function may be useful. Drug
trials are required to establish the potential patho-
physiological ancd therapeutic value of correcting
diastolic abnormalities in congestive heart failure.
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